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Abstract

A search for the rare decay D0 → µ+µ− is reported using proton-proton collision
events at

√
s = 13.6 TeV collected by the CMS detector in 2022–2023, corresponding

to an integrated luminosity of 64.5 fb−1. This is the first analysis to use a newly devel-
oped inclusive dimuon trigger, expanding the scope of the CMS flavor physics pro-
gram. The search uses D0 mesons obtained from D∗+ → D0π+ decays. No significant
excess is observed. A limit on the branching fraction of B(D0 → µ+µ−) < 2.4 × 10−9

at 95% confidence level is set. This is the most stringent upper limit set on any flavor
changing neutral current decay in the charm sector.
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Studies of rare decays of hadrons have long been considered one of the most promising avenues
for discovering physics beyond the standard model (SM). Contributions from new physics ef-
fects are more easily detected in rare decays, as the smaller SM contributions make deviations
more apparent. Decays mediated by flavor changing neutral currents, which are forbidden
at tree level in the SM, have been studied in various experiments. These studies have pri-
marily focused on rare decays of bottom and strange hadrons involving b → s and s → d
transitions [1, 2]. Rare decays of charmed hadrons via the c → u process have received less
attention.

An important distinction between rare decays of charm hadrons and those of bottom or strange
hadrons is that the loop contributions in charm decays are mediated by lighter quarks. This
leads to substantial long-distance SM contributions (arising from nonperturbative hadronic
effects), which are challenging to calculate, motivating searches where the beyond SM predic-
tions substantially exceed those of the SM. The rare decay of the D0 meson into two muons
is one such case. The SM prediction for the branching fraction B(D0 → µ+µ−) is around
3 × 10−13 [3]. New physics models [3–6], including those involving leptoquarks, R-parity vio-
lating supersymmetry, and extra fermions or gauge bosons, predict enhancements to this decay
rate, which could be accessible by experiments at the LHC. This decay also provides stringent
constraints on the Wilson coefficients CS,P,10 in the effective field theory framework [7–9]. The
most sensitive experimental search to date, conducted by the LHCb Collaboration, set an upper
limit on B(D0 → µ+µ−) at 3.1 (3.5)× 10−9 at 90 (95)% confidence level (CL) [10], which still
allows for substantial new physics contributions above the SM.

This Letter reports a search for D0 → µ+µ− decays by the CMS experiment based on proton-
proton (pp) collision data collected in 2022–2023 at a center-of-mass energy of 13.6 TeV, corre-
sponding to an integrated luminosity of 64.5 fb−1. This search is enabled by a new inclusive
dimuon trigger [11], which significantly broadens the scope of the CMS flavor physics program
and is used here for the first time. Tabulated results are provided in the HEPData record for
this analysis [12].

One of the main challenges in the search for D0 → µ+µ− decays is suppressing the combinato-
rial background, which dominates the overall background. To do so, we look for the signal in
the decays of the D∗(2010)+ meson, i.e., D∗+ → D0π+. In this Letter, charge-conjugated decay
modes are implicitly included, and D0 refers to D0 mesons from a D∗+ decay unless otherwise
indicated. Although this approach reduces the event yield by about a factor of four relative
to inclusive D0 meson production, the requirement of a pion from the D∗+ decay significantly
improves vertex constraints and reduces the dominant background by two orders of magni-
tude. To extract the signal, a two-dimensional (2D) unbinned maximum likelihood (UML) fit
is performed on the D0 candidate mass m(D0) and the mass difference between the D∗+ and
the daughter D0 mesons ∆m = m(D∗+)− m(D0). The small energy release in the D∗+ meson
decay results in a narrow peak in the ∆m spectrum, which can be used to greatly suppress the
background. The decay kinematics result in the pion from the D∗+ meson decay tending to
have low momentum, which is therefore referred to as a soft pion.

The branching fraction of interest is calculated with respect to a normalization decay channel,
D0 → π+π−, using

B(D0 → µ+µ−) = B(D0 → π+π−)
ND0→µµ

ND0→ππ

εD0→ππ

εD0→µµ

, (1)

where Nx is the fitted yield for the decay x ∈ (D0 → µµ, D0 → ππ), and εx is the corresponding
full selection efficiency. Another possible normalization channel is D0 → K−π+. While the
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D0 → K−π+ branching fraction is larger than that for the D0 → π+π− decay, the kinematics
are more similar for D0 → π+π−, and therefore D0 → K−π+ decays are only used as a
cross-check. Measuring the branching fraction relative to the normalization channel eliminates
uncertainties related to the production of D∗+ mesons, including the fraction of D∗+ mesons
produced directly or from b hadron decays. In addition, many systematic uncertainties related
to the reconstruction and selection efficiency are reduced.

The CMS apparatus [13, 14] is a multipurpose, nearly hermetic detector, designed to trig-
ger on [15–17] and identify electrons, muons, photons, and hadrons [18–20]. A global algo-
rithm [21] aims to reconstruct all individual particles in an event, combining information pro-
vided by the all-silicon inner tracker and by the crystal electromagnetic and brass-scintillator
hadron calorimeters, operating inside a 3.8 T superconducting solenoid, with data from gas-
ionization muon detectors embedded in the flux-return yoke outside the solenoid.

Simulated events are used to evaluate the signal and normalization efficiencies, the detec-
tor response, and the background yields. The simulated events are generated with the Soft-
QCD:nonDiffractive option in PYTHIA 8.212 [22] using the CP5 underlying event tune [23] and
are propagated through the CMS detector model using the GEANT4 [24] package. The decays
of charm mesons are simulated using the EVTGEN 1.3.0 [25] program and final-state photon
radiation is described using PHOTOS 3.56 [26]. Additional pp interactions per bunch crossing
(pileup) are added to the simulated samples with a multiplicity distribution matching the data.

Events of interest are selected using a two-tiered trigger system. The first level (L1), composed
of custom hardware processors, uses information from the calorimeters and muon detectors
to select events at a rate of around 100 kHz within a fixed latency of 4 µs [15]. The high-level
trigger (HLT) consists of a farm of processors running a version of the full event reconstruction
software optimized for fast processing, and reduces the event rate to about 5 kHz before data
storage [16, 17]. For LHC Run 3, which began in 2022, a new trigger strategy was designed
and deployed using inclusive dilepton trigger algorithms with low transverse momentum (pT)
thresholds and a data parking technique [11], in which the data stream is saved for delayed
reconstruction. This provides a high efficiency for hadron decays with two leptons in the final
state, which are central to the CMS flavor physics program. The trigger used to collect the signal
events required one muon with pT > 3 GeV and another with pT > 4 GeV. The normalization
channel events are collected with a zero bias trigger that selects one in every ≈1.4 million
colliding bunches.

The offline selection begins with the reconstruction of D0 → µ+µ− and D0 → π+π− candi-
dates, with more stringent criteria than the trigger requirements. The selection criteria for the
two channels are kept as consistent as possible to minimize the systematic uncertainty in the
efficiency ratio. The charged particle tracks used to reconstruct the D0 candidates must pass
high purity criteria [20]. For the signal channel, each muon candidate must also have a recon-
structed track in the tracker that matches segments in the barrel or endcap muon detectors,
and a compatible track in the muon system, while passing a loose muon identification require-
ment [19], chosen through sensitivity optimization. The tracks of the D0 candidates are refitted
to a common vertex [27]. The absolute distance between the closest point on the D0 trajectory
and a reconstructed pp collision vertex in 3D space is defined as the impact parameter. The
primary vertex (PV) is taken to be the pp collision vertex with the smallest impact parameter
to the D0 candidate. The angle between the dimuon momentum and the line connecting the
PV to the D0 vertex is defined as the pointing angle. Soft pion candidates are selected from the
charged tracks compatible with this PV. To improve the ∆m resolution, the PV is refitted using
only the soft pion and the tracks consistent with emerging from the PV, and this vertex is used
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as a constraint on the soft pion trajectory to refine its momentum. This refitted PV serves as
the D∗+ candidate vertex. Finally, the D0 candidate is required to have decay products, either
muons or pions, with pT > 4 GeV and pseudorapidity |η| < 2.4, a reconstructed invariant mass
in the range 1.81–1.94 GeV, a D0 vertex fit p-value >0.01, a significance of the D0 vertex distance
from the PV in 3D greater than 3, and a pointing angle in 3D less than 0.1. The D∗+ candidate
is required to have a vertex fit p-value >0.1 and ∆m in the range 0.14–0.15 GeV.

A multivariate analysis is employed using the XGBOOST package [28] to construct a boosted
decision tree discriminator (dMVA). The input features include the pT of the muons and the soft
pion, the D0 candidate’s pointing angle, vertex distance, and impact parameter relative to the
PV, vertex fit p-values of the D0 and D∗+ candidates, and the D0 mass resolution divided by
the reconstructed D0 mass. The signal events used in the training are obtained from simulated
D0 → µ+µ− events, where the D∗+ meson can be produced either directly or via b-hadron
decays, as both production modes contribute to the potential signal. The background events
used in training are from a data sideband region defined by 0.150 < ∆m < 0.155 GeV and
1.81 < mµµ < 2.45 GeV. The k-folding technique with k = 5 is applied for the MVA train-
ing [29]. Signal and normalization channel candidates are selected by applying the same dMVA
requirement, which greatly reduces systematic uncertainties in the efficiency ratio. The dMVA
threshold value is optimized to give the most stringent expected limit on B(D0 → µ+µ−), im-
proving it by 60% relative to the selection without the dMVA requirement. A small difference
in selection efficiency between the two channels, determined from simulated events, is incor-
porated into the efficiency correction. After selection, about 1.5% of the events in each channel
contain multiple candidates, with no requirement made to select a single candidate.

The normalization channel yield is extracted from a 2D UML fit to the dipion invariant mass
(mππ ) and ∆m, as shown in Fig. 1. The 2D probability density functions (PDFs) for signal
and background components are constructed as the product of two 1D PDFs, as simulation
studies showed no correlation between the two variables. The signal PDFs are a sum of two
(three) Gaussian functions for mππ (∆m), with a common mean. The background from the
D0 → K−π+ decays is modeled using an exponential function for mππ and a Gaussian function
for ∆m. The combinatorial background is modeled with an exponential function in mππ and
the following function for ∆m:(

1 − e−
∆m−mπ

C

)(
∆m
mπ

)A

+ B
(

∆m
mπ

− 1
)

, (2)

where A, B, and C are fit parameters. The parameter B is fixed to zero, whereas it is left un-
constrained in the signal channel fit. For non-D∗+ backgrounds (where the D0 meson decays
to K−π+ or π+π− and does not originate from a D∗+ meson), the mππ distribution is modeled
similarly to that of the corresponding D∗+ fit components, while ∆m is described by Eq. (2),
again with B = 0. In the fit, the yields, the parameters of the combinatorial background PDF,
and the mππ exponential decay constant for the D0 → K−π+ background are free parameters,
with the remaining parameters fixed from prefits to simulated and dimuon-triggered events,
which contain many more events than the zero bias sample. The signal shape parameters for
both mππ and ∆m are initially established from fits to simulated events, with the means and
widths multiplied by correction factors. The correction factors are obtained from a fit to the
dimuon-triggered events to correct the simulation, and the width correction factors are addi-
tionally corrected to account for differences between the zero bias and dimuon triggered event
samples by comparing the widths of D0 → K−π+ events in the two samples. The remaining
parameters are obtained from fits to the dimuon-triggered events. Fits to the dimuon-triggered
sample found a small contribution from non-D∗+, D0 → π+π−, while the contribution from
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non-D∗+, D0 → K−π+ was consistent with zero. Therefore, only the former contribution was
included in the fit to the zero bias sample, with a resultant yield consistent with zero. The
fitted yield of D0 → π+π− decay is 195 ± 17 (stat), from an effective integrated luminosity of
51.4 nb−1.
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Figure 1: The distributions of the dipion invariant mass mππ (left) and D∗–D0 mass difference
∆m (right) along with the associated projections of the full fit (solid curve), the signal contribu-
tion (hatched area), and the background contributions (other curves).

The signal channel yield is extracted in a similar way, with the dimuon invariant mass mµµ

replacing mππ . The mµµ distribution for ∆m ∈ [0.145, 0.146]GeV and the ∆m distribution for
mµµ ∈ [1.84, 1.89]GeV are shown in Fig. 2. Four components contribute to this channel: the
signal D0 → µ+µ− decay, backgrounds from the D0 → π+π− and D0 → π−µ+ν processes
in which charged pions are misidentified as muons, and the combinatorial background. The
contribution of non-D∗+ backgrounds that could peak in the mµµ distribution are found to be
negligible.

The signal model for D0 → µ+µ− uses the same PDF form as in the normalization channel:
a 2D PDF consisting of two (three) Gaussian functions for mµµ (∆m), with a common mean.
The two backgrounds from D0 decays are similarly modeled, each using two Gaussians for
mµµ with different means and three Gaussians for ∆m with a common mean. The model pa-
rameters for these three components are determined from simulated events. The means and
widths of the corresponding signal model parameters are multiplied by the correction factors
derived for the normalization channel. The mµµ combinatorial background shape is modeled
with either a first-order Bernstein polynomial [30], a power law, or an exponential function,
using the discrete profiling method [31], which allows the choice of function to be determined
during the fit minimization process with a discrete nuisance parameter. The ∆m combinatorial
background shape is modeled using Eq. (2), with no constraints on the fit parameters, includ-
ing B. While the background is dominated by combinatorial processes, the two D0 background
sources are important to estimate, as both exhibit peaks in the ∆m distribution at the signal
location and the D0 → π+π− also peaks in mµµ , albeit slightly shifted from the signal. Both
of these sources are normalized using the measured D0 → π+π− yield in the normalization
channel and by applying the appropriate scaling from luminosity, branching fractions, effi-
ciencies, and muon misidentification to determine the background yield. The details of this
normalization are found in Appendix A.
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Figure 2: The distributions of mµµ (left) and ∆m (right) of the fit with the requirements
0.145 < ∆m < 0.146 GeV and 1.84 < mµµ < 1.89 GeV, respectively, along with the associ-
ated projections of the full fit (solid curve), signal contribution (hatched area), and background
contributions (other curves). The D0 meson components are scaled up by 20 in the upper panel.
The lower panel shows the data and the fit result after subtracting the total background com-
ponent of the fit. The gray error band represents the statistical and systematic uncertainties in
the total background component.

Most of the systematic effects encountered in the data analysis cancel in the ratio of the signal
and normalization channel yield measurements. Systematic uncertainties that do not cancel
are incorporated into the UML fit as nuisance parameters. The dimuon trigger efficiencies are
measured with respect to high-efficiency reference triggers using control samples with muon
kinematics similar to the signal samples. The resulting data-to-simulation ratio is 0.943 with an
uncertainty of 0.7%, accounting for statistical uncertainties and variations across data-taking
periods and reference triggers. The muon reconstruction and identification efficiency correc-
tion is measured using the “tag-and-probe” method [32] with J/ψ → µ+µ− decays and found to
be consistent with unity in the kinematic region relevant to the analysis. As such, no correction
is applied but the corresponding 1% uncertainty is included for each muon. The track recon-
struction efficiency has a 2.3% uncertainty per track [33]. The difference in pileup between the
zero bias and dimuon triggers introduces a 1% uncertainty in the selection efficiency ratio. The
statistical uncertainty in the yield of D0 → π+π− events contributes as a systematic uncertainty
for the normalization of the signal (Eq. (1)) and the two D0 backgrounds. The limited number
of simulated events results in an efficiency uncertainty. The dMVA selection efficiencies for the
signal and normalization channels differ by 1%. This correction is made and uncertainties of
1.2% and 2% are assigned for the D0 → µ+µ− signal and D0 → π+π− background, respec-
tively, accounting for the deviation from unity and the statistical uncertainty from the limited
number of simulated events. A disagreement of similar size is found for the D0 → π−µ+ν
background but no correction or uncertainty is applied as it is much smaller than the efficiency
uncertainty of 12%. The muon misidentification rate systematic uncertainty of 14% includes
statistical and systematic uncertainties related to the measurement in K0

S → π+π− decays as
well as the treatment of decay-in-flight and non-decay-in-flight sources in simulation. The fit
bias uncertainty is 1%, determined by the difference between the input and output of UML
fits using pseudo-experiments with an injected D0 → µ+µ− signal. The variation from using
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alternative modeling for signal and background components is examined and found to be neg-
ligible. Table 1 presents a summary of all systematic uncertainties, including the D0 → π+π−

and D0 → π−µ+ν branching fraction uncertainties [1], with additional information provided
in Appendix A.

Table 1: Summary of systematic uncertainties for the D0 → µ+µ− branching fraction measure-
ment with their corresponding contributions in the signal channel.

Source D0 → µµ D0 → ππ D0 → πµν

Trigger efficiency 0.7% 0.7% 0.7%
Muon efficiency 2% — 1%
Tracking efficiency 4.6% 4.6% 4.6%
Pileup 1% 1% 1%
D0 → π+π− yield 8.7% 8.7% 8.7%
Efficiency 0.2% 0.6% 12%
dMVA correction 1.2% 2.0% —
B(D0 → π+π−) 1.7% — 1.7%
B(D0 → π−µ+ν) — — 4.5%
Fit bias 1% — —
Misidentification rate — 28% 14%

The results are obtained using the COMBINE tool [34]. The nuisance parameters associated with
the tracking efficiency, muon efficiency, pileup, fit bias, and dMVA correction are constrained
with log-normal PDFs, while the ones associated with the efficiency, trigger efficiency, muon
misidentification rate, input branching fractions, and the D0 → π+π− yield are constrained
with Gaussian PDFs.

No obvious excess of events is observed in the data. The fit returns a signal yield of 100 ± 120,
resulting in a branching fraction of B(D0 → µ+µ−) = (0.7 ± 0.9)× 10−9. Additional informa-
tion on signal and background yields can be found in Appendix A. The observed significance,
evaluated from the log-likelihood difference, is 0.8 standard deviations. An upper limit is set
using the asymptotic CLs method [35, 36]:

B(D0 → µ+µ−) < 2.1 (2.4)× 10−9 at 90 (95)% CL.

The observed limit is higher than the expected limit from background-only pseudo-experiments,
which is B(D0 → µ+µ−) < 1.5 (1.9)× 10−9 at 90 (95)% CL.

The fit and likelihood scan are repeated with each of the three functions describing the combi-
natorial background in mµµ , without using the discrete profiling method, and return consistent
results. The result using the alternative normalization channel D0 → K−π+ is consistent with
the nominal result.

In summary, a search for D0 → µ+µ− decays by the CMS experiment, using proton-proton
collision data at

√
s = 13.6 TeV corresponding to an integrated luminosity of 64.5 fb−1, is pre-

sented. No significant excess above the fitted background is observed. An upper limit of
B(D0 → µ+µ−) < 2.4 × 10−9 is set at 95% confidence level. This search is the most sensi-
tive to date and provides a significant improvement over the previous best result [10], setting
the most stringent limit on flavor changing neutral currents in the charm sector. It can be used
to set constraints on scenarios that modify B(D0 → µ+µ−). The search is made possible by
a newly developed inclusive dimuon trigger and represents its first application. The result
demonstrates the benefits of this trigger for flavor physics measurements and its potential to
enable opportunities for a wide range of studies involving low-mass muon pairs.
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A Details of D0 normalization
The normalizations of the signal, D0 → µ+µ−, and backgrounds, D0 → π+π− and D0 →
π−µ+ν, are derived with the yield of the normalization decay channel D0 → π+π− measured
from the zero bias data set:

ND0→µµ = ND0→ππ SZB

εD0→µµ

εD0→ππ

BD0→µµ

BD0→ππ

dMVA, cor Tcor,

ND0→ππ→µνµν = ND0→ππ SZB

εD0→ππ→µνµν

εD0→ππ

(
fπ→µ

)2
dMVA, cor Tcor,

ND0→πµν = ND0→ππ SZB

εD0→πµν

εD0→ππ

BD0→πµν

BD0→ππ

(
fπ→µ

)
Tcor,

where NX, εX, and BX are the yield, efficiency extracted from simulation, and decay branching
fraction for process X, respectively, SZB is the effective prescale factor for the zero bias data
set, fπ→µ is the pion to muon misidentification ratio between data and simulation, dMVA, cor is
the correction used to account for the difference in dMVA efficiency when applied to different
channels, and Tcor is the efficiency correction for the dimuon trigger. The background from
D0 → π+π− decays is denoted as D0 → ππ → µνµν to distinguish it from the normalization
channel.

The efficiencies are obtained from simulation for the selected regions of mµµ and ∆m. The
misidentification of a pion as a muon can be separated into two components: decay-in-flight
(DIF) in which the pion decays to a muon within the tracker and non-DIF. In the selected mµµ

region, the relative contributions of two DIF muons, one of each, and two non-DIF muons
for the D0 → π+π− process are 81%, 18%, 1%, respectively, and for D0 → π−µ+ν the relative
amounts are 90% DIF and 10% non-DIF, as determined from simulation. The simulated samples
used to determine the shapes of these two processes were generated with the charged pion
lifetime shortened by a factor of 50 to reduce computing requirements. The generated events
are then reweighted using the lifetime of each pion in the D0 decay to match the true pion
lifetime distribution. This sample is intended to determine the DIF contribution. To assess the
non-DIF contribution, simulated events with no lifetime modification are used, with the DIF
contributions removed. The two shapes are combined based on the proportions found (without
including the 1% from non-DIF pairs) and the efficiency is evaluated. A systematic uncertainty
is also assessed for the D0 → π−µ+ν process to account for the observation of a correlation
between the mµµ value and the ∆m width. As the mµµ approaches the true D0 mass, the ∆m
width decreases since the momentum carried by the neutrino is reduced. A separate fit that
includes a model of this correlation is used to determine the systematic uncertainty.

The muon misidentification rate is measured in data with K0
S → π+π− decays [37] and is found

to be 1.3 × 10−3 per pion on average. This rate is also measured in simulation and compared
to the data as a function of muon pT and K0

S decay location. No significant dependence on
these variables is found and the measured scale factor is fπ→µ = 1.06. The systematic uncer-
tainty is evaluated in several ways. A 7% uncertainty is assigned to the scale factor, accounting
for statistical uncertainty, differences across data-taking periods, and variations among simu-
lation samples. Differences in meson decay location and muon pT distributions between the
K0

S → π+π− and D0 → π+π− processes contribute an additional 4.5% uncertainty. The rel-
ative amount of DIF and non-DIF contributions is also varied, leading to a conservative 11%
uncertainty. The total systematic uncertainty is 14%.

The shapes of the background components with misidentified muons are validated using K0
S →
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π+π− decays, where both pions are misidentified as muons, and good agreement in the mass
distribution is observed between data and simulation. The impact of possible mismodeling is
found to be negligible.

The dimuon trigger efficiency is estimated from simulated events and is corrected in data using
high-efficiency reference triggers. The L1 trigger efficiency correction is derived by measuring
the efficiency of the dimuon L1 trigger relative to the single-muon triggers, which have efficien-
cies close to 100% in events containing two muons. The ratio of data-to-simulation efficiencies
is (99.0 ± 0.5)%, with the uncertainty including a 0.3% statistical uncertainty and a 0.4% vari-
ations in the ratio across different data-taking periods and single muon triggers. The HLT
efficiency correction is derived by measuring the efficiency of the dimuon HLT with respect to
the L1 dimuon trigger. The ratio of data-to-simulation efficiencies is (95.3 ± 0.5)%, with the
uncertainty including a 0.2% statistical uncertainty and a 0.4% variation across different data-
taking periods. The total correction is estimated as the product of the L1 and HLT corrections
and is (94.3 ± 0.7)%.

The dMVA correction is determined from simulation, where the difference in efficiency between
D0 → µ+µ−, D0 → π+π−, D0 → π+π− → µ+νµ−ν , and D0 → π−µ+ν components is within
2%. The uncertainty is taken as the sum in quadrature of the statistical uncertainty and the
size of the correction. A discrepancy in the dMVA distribution between data and simulation is
observed in all of the D0 decays. A correction for this difference was made by reweighting the
dMVA distribution of the simulated events to match the data, using D0 → K−π+ decays. The
effect on the relevant efficiency ratios was negligible (0.3%) and therefore this correction was
not applied, and no systematic uncertainty was assessed.

As the mµµ and ∆m shapes for the D0 → π+π− → µ+νµ−ν are similar to the signal, it is
important to check the yield determination. This is done by utilizing D0 → K−π+ decays,
which have a branching fraction 27 times larger than D0 → π+π−. For this process, the kaon-
to-muon misidentification rate is needed. It is measured in data from ϕ(1020) → K+K− decays
to be 2.7 × 10−3 per kaon. The observed yield of the D0 → K−π+ process in which both
charged hadrons are misidentified as muons is found to be consistent with the expected yield
after scaling by the corresponding efficiencies and branching fraction.

The event yields for each component of the fit are summarized in Table 2.

Table 2: The post-fit event yields for the signal, the combinatorial background, the D0 → π+π−

background, and the D0 → π−µ+ν background. The observed numbers of events are given in
the Data column. The subrange is in one dimension with a full range in the other dimension.

Range Signal Combinatorial background D0 → π+π− D0 → π−µ+ν Data
Full range 100 ± 120 126 140 ± 380 278 ± 51 231 ± 40 126 752
0.145 < ∆m < 0.146 GeV 67 ± 81 14 037 ± 42 179 ± 33 94 ± 16 14 412
1.84 < mµµ < 1.89 GeV 90 ± 110 48 530 ± 150 162 ± 30 62 ± 11 48 798
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A. Braghieria , S. Calzaferria , D. Fiorinaa , P. Montagnaa,b , M. Pelliccionia , V. Rea ,
C. Riccardia,b , P. Salvinia , I. Vaia,b , P. Vituloa,b

INFN Sezione di Perugiaa, Università di Perugiab, Perugia, Italy
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